Oral infection of mice with Salmonella Typhimurium is an important model system. In particular 20 C57Bl/6 mice, which are susceptible to Salmonella, are used to study both systemic and 21 gastrointestinal pathogenesis. Pretreatment with streptomycin disrupts the intestinal 22 Salmonella. Mice not treated with streptomycin, as well as resistant Nramp1 reconstituted 32 C57Bl/6J mice, were also readily infected using this method. In summary, we show that 33 foodborne infection of mice by feeding with pieces of chow inoculated with Salmonella results 34 in infection comparable to oral gavage but represents a natural route of infection with fewer 35 side effects and less variability among mice. 36 37 38
microbiota and results in colitis resembling human intestinal Salmonellosis. Oral gavage is 23 typically used for delivery of both antibiotic and bacteria. Although convenient, this method 24 requires a moderate level of expertise, can be stressful for experimental animals, and may lead 25 to unwanted tracheal or systemic introduction of bacteria. Here, we demonstrate a simple 26 method for oral infection of mice using small pieces of regular mouse chow inoculated with a 27 known number of bacteria. Mice readily ate chow pieces containing up to 10 8 CFU Salmonella, 28 allowing for a wide range of infectious doses. In mice pretreated with streptomycin, infection 29 with inoculated chow resulted in less variability in numbers of bacteria recovered from tissues 30 compared to oral gavage, and highly consistent infections even at doses as low as 10 3 31 Introduction studies of the pathogenesis of gastrointestinal infections. 48 The most widely used animal model for Salmonella is the mouse [6] . Strains of mice differ in 49 their susceptibility to Salmonella infection, with C57Bl/6J and BALB/c mice being highly 50 susceptible and 129/Sv strains of mice being very resistant [7] [8] [9] [10] . Susceptibility is 51 multifactorial, but one important resistance factor is the Nramp1 protein encoded by the 52 Slc11a1 gene [11] . Nramp1 is an ion transporter responsible for the transport of divalent 53 cations out of phagosomes, thus limiting the availability of iron and other ions for ingested 54 microbes and impairing their growth in phagocytes [12] . Many susceptible mouse strains, 55 including C57Bl/6J, harbor a point mutation in the Slc11a1 gene resulting in a non-functional 56 Nramp1 protein [13, 14] . Oral infection of susceptible mouse strains eventually leads to a lethal 57 systemic infection but without diarrhea and only diffuse enteritis [15] . However, following 58 disruption of the intestinal microbiota by antibiotic treatment, mice develop intestinal 4 59 inflammation more similar to human intestinal Salmonellosis, although Salmonella do still go 60 systemic [16, 17] . 61 In the preferred murine model of oral Salmonella infection, C57Bl/6 mice are treated with 62 antibiotics and infected by oral gavage using blunt end gavage needles. This method of delivery 63 is intragastric rather than oral, since substances are delivered directly into the stomach. While 64 the use of gavage needles allows for the delivery of precise amounts of inoculum and timing of 65 delivery, there are several drawbacks to their use, which have been recognized mostly in 66 toxicological studies [18] . Performing oral gavage requires a moderate degree of technical 67 expertise and can induce stress, e.g. raising corticosteroid levels in the blood or increasing 68 blood pressure, which may affect study outcome [19] [20] [21] . Furthermore, mice may regurgitate 69 delivered substances or infectious agents following gavage, resulting in tracheal or nasal 70 administration [22, 23] . Lastly, gavage may induce pharyngeal or esophageal trauma, leading to 71 the inadvertent delivery of substances or infectious agents directly into the blood stream or, in 72 rare cases, death [23, 24] . 73 Improvements to oral gavage have been suggested, such as precoating needles with sucrose, 74 which improved gavage success rate and reduced stress of animals [25] . An alternative method 75 to gavage would be ingestion of food or water containing a pathogen. This would circumvent 76 many of the drawbacks with oral gavage and mimics a natural route of infection for Salmonella. 77 Recently, a paper described a method of delivering Salmonella orally in drinking water [26] , and 78 a similar approach was used for the oral delivery of a Salmonella vaccine to sheep [27] . 79 Inoculated food (pieces of bread) has been used for Listeria monocytogenes infections [28] . 80 However, to our knowledge, food as a vehicle of delivery for Salmonella infection has not been 81 reported. 82 In this paper, we describe an oral infection method using pieces of regular mouse chow as strep+) C57Bl/6J mice were infected with 10 4 CFU Salmonella using either method (Fig 2A) . 113 For oral gavage, mice were gavaged with streptomycin (20 mg) 24 h prior to being gavaged with although those infected with inoculated chow had higher bacterial loads in tissues, especially in 126 the intestines, compared to those infected by gavage ( Fig 2B) . While this could be a result of 127 the inoculation method itself, it could also be due to either the prolonged streptomycin 128 treatment in the drinking water or the prolonged fasting period [33, 34] . Bacterial numbers 129 were more consistent between the mice in the chow infection group when compared to mice in 130 the gavage group. This consistency was most notable in the feces, where bacterial numbers in 131 gavaged mice ranged from 0 (below the limit of detection) to 3.410 8 and in chow infected 132 mice from 1.610 8 to 1.310 10 . The variability in infection due to oral gavage has been 133 observed previously [26] . Since oral gavage may induce regurgitation and subsequent 134 unintended tracheal delivery of substances [22] we also examined the lungs for Salmonella. 135 Mice infected by either method contained low levels of Salmonella in the lungs, again with 136 more variability in mice infected with gavage (0 to 8.710 3 ) compared to those infected via 137 chow (8.910 1 to 5.410 2 ) ( Fig 2B) . The presence of bacteria in the lungs is not overly surprising 138 considering the susceptibility of strep+ C57Bl/6J mice to disseminated Salmonella infection, to 10 6 CFU and fed to strep+ C57Bl/6J mice. For doses of 10 5 bacteria and higher, the bacteria 153 were pelleted by centrifugation and then diluted in SPGS (washed) before dilution since mice 154 were hesitant to eat chow inoculated with these high doses if they were not washed (data not 155 shown). This may be due to the intrinsic smell or taste of the growth medium or the presence 156 of high amounts of bacterial products. After introducing the wash step, mice readily ate chow 157 pieces containing up to 10 8 CFU. By 3 days p.i. all mice had developed systemic infection even 158 at the lowest dose (10 3 ) and bacterial loads were strikingly similar ( Fig 3A) , indicating no dose 159 dependence for the development of disseminated systemic disease, correlating with previous 160 reports [30] . Bacterial loads were consistent in systemic tissues but showed more variability in 161 gastrointestinal tissues with the greatest variability seen in the ileum (3.010 5 to 510 8 CFU/g). 162 Bacterial loads were highest in the cecum (approximately 10 9 CFU/g) and lowest in the blood 9 163 (approximately 10 2 CFU/ml). To investigate if chow infection works in a resistant mouse strain, 164 we used C57Bl/6J mice reconstituted with a functional Nramp1 (hereafter referred to as 165 Nramp1 +/+ ) [11, 13, 14] . Mice with a functional Nramp1 protein are more resistant to oral 166 Salmonella infection both with and without prior streptomycin treatment [8, 17] . For the 167 Nramp1 +/+ mice we tested doses of 10 4 and 10 5 bacteria. A dose of 10 4 resulted in inconsistent 168 infection in systemic tissues, while 10 5 resulted in a consistent systemic infection, indicating 169 that 10 5 is the minimum dose required for 100% systemic infection. As expected, Nramp1 +/+ 170 mice were substantially more resistant to infection, compared to C57Bl/6J mice, with lower 171 bacterial loads in all tissues but particularly in systemic organs ( Fig 3B) . Nonetheless, bacterial 172 loads in Nramp1 +/+ mice followed the same trends as in C57Bl/6J mice with the highest number 173 of bacteria in the feces followed by the cecum, ileum, spleen, liver and blood. Interestingly, Next we infected non-streptomycin treated (hereafter referred to as strep-) C57Bl/6J and 183 Nramp1 +/+ mice using pieces of chow. Since these mice are much less susceptible to oral 184 infection, we used a dose of 10 8 bacteria, the standard dose used in oral infections of mice with Salmonella (see e.g. [16, 32, 35] ). After washing the bacteria, mice readily ate pieces of chow 186 containing this high inoculum. C57Bl/6J mice had consistent bacterial loads in intestinal tissues, 187 while Nramp1 +/+ mice showed more variability in loads which were also sometimes below the 188 level of detection (Fig 4) . In systemic tissues, no bacteria were detected in any of the Nramp1 +/+ 189 mice and bacterial numbers were variable in C57Bl/6J mice. In the intestinal tract, the 190 differences in bacterial loads between C57Bl/6J and Nramp1 +/+ mice were statistically 191 significant in the ileum and feces. Bacterial strains and growth conditions. Salmonella Typhimurium strain SL1344 was used for all 280 experiments. For infections, bacteria were grown in a 125 ml Erlenmeyer flask in 10 ml LB- 281 Miller containing 100 µg/ml streptomycin for 18 h at 37 o C, with shaking at 225 RPM, and 282 diluted in sterile SPGS to get the correct inoculum in 10 µl (e.g. to get 10 4 CFU an overnight 283 culture was diluted 1:5000), the volume added to pieces of chow. For inoculum of 10 5 CFU and 284 higher, a wash step was included prior to dilution. 1 ml of the overnight culture was centrifuged 285 at 8000 G for 2 min, the supernatant was aspirated, and the bacterial pellet resuspended in 1 286 ml SPGS. In order to achieve a final concentration of 10 8 CFU in 10 µl, the bacterial pellet was 287 resuspended in 0.5 ml SPGS. mm in diameter by gentle tapping with a small hammer followed by trimming with forceps. 291 Selected pieces were gently tested for physical integrity, by dropping from a height of 4-5 292 inches, before 10 µl of inoculum was pipetted onto the surface. Prepared pieces were kept 293 separated in a petri dish during transport to the animal facility. One piece of inoculated chow 294 was retained for estimation of the CFU by plating. 295 Mouse chow infections. Except where specified, mice had unlimited access to food and water. 296 For Streptomycin pretreatment the antibiotic (5 mg/ml) was added to drinking water 42 -46 h 297 prior to infection for 24 h. Mice were then moved to a clean cage (to limit coprophagy and 298 access to cached food), containing normal drinking water but no chow. After a period of 18 -22 299 h (typically 20) individual mice were put in a clean empty cage (without bedding material) and 300 were then offered a piece of chow. Typically, mice ate the piece of chow immediately or within 301 a couple of min. For short fasting times (4 and 8 h) mice were left undisturbed until the chow 302 was eaten. Immediately after the inoculated chow was consumed, mice were returned to their 303 cage with unlimited access to food and water. 304 Mouse oral gavage infections. Mice were streptomycin treated 24 h before infection, using a 305 blunt end gavage needle with 100 µl SPGS containing 200 mg/ml streptomycin. For Salmonella 306 infection, mice were gavaged with bacteria in 100 µl SPGS. Mice were fasted for 4 h prior to all 307 gavages. For infections without streptomycin treatment, mice were only fasted prior to feeding. 308 Tissue collection and processing. Mice were euthanized by isoflurane inhalation followed by 
